General structure-activity relationship for poly(glycoamidoamine)s: the effect of amine density on cytotoxicity and DNA delivery efficiency.
Herein, two new series of poly(glycoamidoamine)s (branched and linear) have been synthesized by polycondensation. The polymer repeat units have been designed to contain D-glucaramide, meso-galactaramide, D-mannaramide, or L-tartaramide structures and five or six ethyleneamine units to investigate the amine density effects on the bioactivity as compared to a similar series of poly(glycoamidoamine)s previously described that contain four ethyleneamines. These delivery vehicles were created to examine the effects that the number of secondary amines in the polymer repeat unit and the polymer structure (branched and linear) have on plasmid DNA (pDNA) binding affinity, polyplex formation, cell viability, and gene expression in the absence and presence of serum in the culture medium. The results reveal that the new polymers with higher amine density in the repeat unit do not significantly enhance the transfection efficiency compared to that of previous models containing four ethyleneamines, but an increase in cytotoxicity is noticed. Linear polymers reveal higher pDNA neutralization efficacy, gene expression, and toxicity than the branched versions containing a similar chemical structure, which may be caused by a higher protonation of the amine groups. With these new vectors, some interesting trends emerged. The galactaramide and tartaramide analogues revealed higher delivery efficiency than the glucaramide and mannaramide structures. In addition, the branched and linear structures containing five ethyleneamines in the repeat unit formed polyplexes at higher N/P ratios, which had lower zeta potential and lower delivery efficacy than the analogues with six ethyleneamines, and also the linear structures generally revealed higher delivery efficiency and toxicity when compared to those of their branched analogues.